The approximation K·e -µ·r , where K is a scaling constant and µ is the attenuation coefficient of light [mm -1 3 0 1 ], ignores the initial 1/r dependence of M(r) at short r, which is expected from diffusion theory (Farrell et  1  3  1 al., 1992), since experiments showed that all coral species followed this approximation with no obvious 1 3 2 1/r behavior. Hence, the point-spread function could be well described by the lateral attenuation 1 3 3 coefficient μ [mm -1 ], and analysis of M(r) spectra thus yielded values of μ(λ) according to Eq. 2. 2A shows an example of M(r) for 800 nm light, indicating a value of μ = 0.60±0.19 mm -1 (n= 26 corals; 1 3 5 mean ± SD). Figure 2B shows spectra of μ(λ) for the 26 coral samples, illustrating significant variability 1 3 6 among the investigated corals around the overall mean attenuation spectrum (blue line in Fig. 2B ). 
where a s = μ s '(500nm), and b s is the skeletal scattering power (Table1). 1 4 7 1 4 8
Assuming absence of strong spectral signatures by the coral skeleton material (Marcelino et al., 2013) , the 1 4 9 wavelength dependence of the skeletal absorption coefficient can be approximated by:
Where W s is the skeletal water content (dimensionless), and μ a, water (λ) is the absorption spectrum of 1 5 4
water (Hale and Querry, 1973) . The analysis used least-squares fitting, where the behavior of the point 1 5 5 spread function, R(r),was calculated for each wavelength using a custom written algorithm that calculates 1 5 6 the diffuse reflectance based on diffusion theory (Farrell et al. 1992; Tuchin, 2007 Wangpraseurt et al., 2016) , thus the refractive index mismatch was calculated as n r = n coral /n water = 1 6 4 1.4/1.33.
The R(r) was first interpreted using Eq. 2, R(r) = K·e -µ·r , to yield a simple attenuation coefficient (μ). 1 6 7
Iteration then adjusted the values of a s , b s and W s until the predicted μ and measured μ agreed. illustrates the ability of least-squares fitting to find the a s and W s of a coral by showing the relative error 1 6 9 in a predicted μ versus the experimentally measured μ as:
Optical properties of coral tissue. The diffuse reflectance collected from the 5 mm wide illumination spot 1 7 3 was used to estimate the optical properties of the living coral tissue on top of the coral skeleton. The the 1 7 4 normalized spectra were divided by the reflectivity of a 99% diffuse reflectance standard (Spectralon) in 1 7 5 air, M d.sp (λ),to calculate KR d (λ) as:
where K is an unknown scaling factor. This procedure canceled the wavelength dependence of the light 1 8 0 source and the spectrometer response. Figure 4A shows the raw spectra M d.c (λ), M d.gs (λ) and M d.sp (λ) . 1 8 1 Figure 4B shows spectra of KR d (λ). 1 8 2 1 8 3
Each diffuse reflectance spectrum on the coral, KR d.coral , was matched by a predicted reflectance spectrum 1 8 4 pKR d using least-squares fitting based on the expression: The factor f coll in Eq. 7 is a light collection efficiency factor specifying the fraction of the total diffuse 2 0 3 reflectance collected by the optical fiber probe. The optical fiber probe only collected light from a 5 mm 2 0 4 wide spot, and hence failed to collect all the diffuse light escaping the coral. We determined a f coll value 2 0 5 of 0.448, by running a two-layer Monte Carlo simulation (Wangpraseurt et al. 2016 ) that placed a 2-mm-2 0 6 thick living coral layer on top of a semi-infinite skeleton (see more details in the Supplementary 2 0 7 Information). Algal pigments 2 1 6
The coral spectra shown in Figs. 2 and 4B clearly have absorption by algal pigments at wavelengths <700 2 1 7 nm, including a clear peak absorption in the red part of the spectrum due to Chl a, and a range of other 2 1 8 pigments at shorter wavelengths. The optical density (OD) is the negative natural logarithm of 2 1 9 transmittance (T) and is thus related to absorbance (A) of a material via OD=A ln10 (Welch and van 2 2 0 Gemert, 2011). We can thus calculate OD as a proxy for spectral pigment absorption as: 2 2 1 2 2 2 2 2 3
where KR d is the measured reflectance spectrum at the apparent peak of Chl a absorption and pKR d is the 2 2 6 spectrum devoid of algal pigments as predicted from the scattering plus water absorption (see above). 2 2 7 Figure 6 summarizes the values of the OD of Chl a, with a mean value of 1.8 ± 0.5 SE. The present study develops a rapid, non-invasive approach to characterize the optical properties of living 2 3 2 intact corals. In contrast to previous studies that focused on analyzing the scattering of dead coral properties for a range of intact shallow water corals. The main findings of the present study show that 2 3 5 coral tissue scattering was ~87% stronger than skeletal scattering for a wide range of investigated corals 2 3 6 (Table 2) . These results confirm earlier observations of high tissue scattering and low skeletal scattering an incident collimated light beam will attenuate exponentially according to Lambert Beer's law. All light 2 4 9 will be absorbed along the central line of illumination and no lateral spread of light is visible (Fig. S1a,b) .
Using a low skeletal scattering value (µ s ' = 1 mm -1 ), the fluence rate spreads within the skeleton and can 2 5 1 be measured as a high radial reflectance away from the point of illumination (Fig. S1c) . In this scenario, 2 5 2 (µ s '= 1 µ a =0.1 mm -1 ) increasing µ s ' has increased the spread of light. However, increasing µ s ' 10 fold to 2 5 3 µ s ' = 10 mm -1 (e.g. Marcelino et al. 2013) , reduces the spread of light (Fig. S1d) . Now higher skeletal 2 5 4 scattering leads to lower spreading of light, and most of the light is backscattered from a smaller area 2 5 5 within the skeleton. Visual observations of intense light spreading of a laser beam from a skeleton do not 2 5 6
imply that the scattering coefficient of the skeleton is high (Enriquez et al. 2017 ). 2 5 7 2 5 8
It has been argued that skeletal light scattering plays a key role in enhancing photosynthetic efficiency of 2 5 9 corals (Enriquez et al. 2006) , which can be disadvantageous during periods of excess irradiance, where 2 6 0 the scattered light causes additional stress leading to photoinhibition and loss of symbionts further 2 6 1 increasing light stress in the tissue (Marcelino et al., 2013; Teran et al., 2010; Wangpraseurt et al., 2017a) .
However, it has also been reported that coral tissue scattering can have a central role in affecting coral 2 6 3 
